Methods: A series of 11 functioning, life-supporting pig-to-baboon kidney xenografts from PERV-positive miniature swine were studied with and without PCMV co-infection. Frozen biopsy samples were analyzed using quantitative, real-time PCR with internal controls.
| INTRODUC TI ON
The development of clinical xenotransplantation using organs from swine has been limited by immunologic, metabolic, and infectious barriers. Among infectious challenges, both porcine cytomegalovirus (PCMV) and porcine endogenous retrovirus (PERV) infections have been identified in xenografts from swine. [1] [2] [3] [4] PERV has no apparent adverse impact on the porcine host, and there are no data to suggest a direct interaction between PERV and PCMV on the virulence or replication of either virus. However, interactions between exogenous human retrovirus (human immunodeficiency virus, HIV) and herpesviruses such as human cytomegalovirus (HCMV) have been demonstrated in vitro. 5 Increased replication of HIV was observed with HCMV coinfection and was initially attributed to the effects of HIV on the status of the host immune system. [6] [7] [8] [9] This supposition is consistent with clinical observations that deployment of highly active antiretroviral therapies (HAART) led to a reduction in the incidence of opportunistic infections in AIDS including invasive CMV disease, while non-responding individuals remained at risk for CMV infections due to the impact of AIDS on CMV-specific CD8+ and CD4+ T lymphocytes in control of CMV replication. 6 However, interest emerged in cofactors that might enhance HIV replication or predispose individuals to progression to AIDS, possibly via activation of HIV-infected T cells by HCMV. Studies of human CMV-HIV coinfections of H9 cells demonstrated enhanced productive CMV and HIV-1 infections. 5 Thus, the interactions between HIV and CMV are bidirectional and occur at the cellular level as well as due to immunosuppressive effects. 5 Given concerns regarding the potential infection of human recipients of porcine xenografts, we hypothesized that a similar interaction might exist between PERV and PCMV.
Porcine cytomegalovirus is largely species-specific with infection restricted to the xenograft in pig-to-baboon transplants. [10] [11] [12] PCMV infection causes endothelial activation in cultured cells in vitro and in pig vessels in vivo with increased expression of ICAM-1, vascular thrombosis, disseminated intravascular coagulation, and neutropenia; as a result, PCMV infection increases graft rejection and reduces the survival of porcine xenografts in baboon recipients. 11, [13] [14] [15] [16] [17] PCMV is susceptible to antiviral agents in vitro including ganciclovir. 18, 19 In contrast, PERV has no clinical manifestations in swine, and baboon cells lack functional PERV receptors preventing productive infection in xenograft recipients. [20] [21] [22] [23] [24] PERV receptors have been identified on human cells and productive infection demonstrated in vitro in certain permissive human target cells. [25] [26] [27] [28] [29] [30] [31] PERV is susceptible to antiretroviral agents in vitro. 32, 33 Any enhancement of retroviral replication due to herpesviral coinfection might alter strategies for infectious disease surveillance or immunosuppressive regimens in xenograft recipients. We examined a series of xenografts derived from baboon recipients of porcine GalT-KO renal xenotransplants in vivo to determine whether evidence exists of an interaction between PERV and PCMV within xenograft kidneys.
| MATERIAL S AND ME THODS

| Animals
Pig kidneys used for life-supporting function were obtained from
GalT-KO miniature swine and implanted in recipient baboons using tolerance induction protocols. 14, [34] [35] [36] [37] [38] Male or female recipient baboons (Papio anubis) were purchased from Mannheimer Foundation (Homestead, FL, USA). Xenogeneic organs were obtained from GalT-KO miniature swine. Frozen biopsy samples from 11 functioning porcine xenokidney grafts were derived from pig-to-baboon xenotransplants at 13.3 days (6 animals, mean P < .05) for PCMV-infected grafts and mean of 27.6 days (5 animals) for PCMV uninfected grafts. Samples were analyzed for the presence of PCMV and PERV, using real-time PCR. Excised
GalT-KO kidney tissue samples were frozen for viral analysis.
Details of the preparation of these animals have been published previously. 14 
| Immunosuppression
All recipients received a tolerance induction regimen that included transient T-cell and B-cell depletion. 37, 38 Ten recipients received rituximab (20 mg/kg IV) prior to transplantation. 38 All recipients 
| Reverse transcription reaction
RT reaction was carried out using the Omniscript RT Kit (Qiagen, Germantown, MD, USA) using the manufacturer's protocol. 1992 ng of total RNA was run in each 12 μL reaction with a dilution of 1:625.
Each RNA sample was run with, and without, RT enzyme. A cocktail of 3 reverse primers (PERV pol, MHC, and GAPDH) was added to a final concentration of 333 nmol/L for each primer.
| Quantitative real-time PCR
Target DNA sequences were quantified by real-time PCR using a Stratagene Mx3005P (Agilent Technologies, Cedar Creek, TX, USA). Sequence-specific primers and TaqMan probe were generated for each gene target (Primer Express software, Applied
Biosystems, Foster City, CA, USA) ( Table 1) Assay sensitivity is at least 10 copies/μL. Absolute copies of PERV pol, and of porcine MHC-I and porcine GAPDH nucleic acids, were measured per nanogram of input cDNA. 
| Statistics
Data sets were tested for normality using the Wilcoxon signed-rank test for normality, and all were found to be not significantly different from a normal population; accordingly, the Student's t test was used when comparing PERV pol expression in PCMV-positive and PCMVnegative xenokidneys. tissue (more than 3-fold, Figure 1B ) and therefore was not a useful internal control for PERV quantitation ( Figure 1B ) (P = .12). PERV expression was not altered in the presence or absence of PCMV coinfection (P = .70). The absence of variation with coinfection was confirmed when PERV quantitation was expressed as a ratio to GAPDH with or without PCMV coinfection (P = .59). Control values for GAPDH DNA did not vary with PCMV infection (P = .723). (B) MHC RNA (cDNA) tended to increase with PCMV infection of xenograft tissue and therefore was not a useful internal control for PERV quantitation (P = .12)
| RE SULTS
| D ISCUSS I ON
to the activation of replication of porcine herpesviruses (PCMV and porcine lymphotropic herpesviruses, PLHV). [10] [11] [12] 14, 21, 62 Data on the impacts of specific immunosuppressive regimens or the organ transplanted on PERV replication are incomplete and merit study. 21 Preclinical studies in non-human primates provide a valuable model for infectious and immunological effects of xenotransplantation. 
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